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manufacture of cement steel.    I cite, as an example, the composition of an
English puddling furnace wrought iron:

Carbon..................................... o. 16 per cent.

Silicon...................................... o. oo per cent.

Manganese.................................. o .09 per cent.

Phosphorus................................ o .09 per cent.

Sulphur.....................................not determined.

As regards the carburizing substance, or "cement," many mixtures have
been proposed with the object of accelerating the process, and of these I have
already mentioned the mixture proposed by Bates.1 But the number and the
complexity of the carburizing materials proposed for total cementation remain
far behind those reached by the "cementation powders" proposed for super-
ficial cementation. The greater part of the manufacturers of cement steel
have not abandoned the use of simple powdered wood charcoal, or have
returned to it after unfortunate attempts to make use of more complex mix-
tures. This is probably due to the fact that the foreign substances in these
mixtures, passing from the cement into the steel, impair its properties to a
much greater degree in the processes of total cementation than in those of
superficial cementation. This is because the quantity of the harmful sub-
stances which the steel absorbs in the processes of total cementation, in which
the operation is protracted for a period ten to twenty times longer, is, all
other conditions being equal, much greater than that which can diffuse into
the metal in the processes of superficial cementation, and also because in the
former processes much greater stress is laid on the high quality of the product.
It follows that the foreign substances in the cementation powders used in
case-hardening machine parts serve merely to give the manufacturer the illu-
sion of employing an extraordinarily "perfected" agent. They cannot be
tolerated in a cement intended to produce deep cementations, for in the latter
case their harmful effects on the quality of the product make themselves felt
to such a degree as to render impossible any doubt of the harm done.

The most "innocuous" cementation mixtures are those obtained by add-
ing to the wood charcoal some proportion of alkalis or alkali carbonates or
carbonates of the alkaline, earth metals or animal charcoal, or by impregnat-
ing the wood charcoal with aqueous solutions of alkali carbonates, sodium
chloride, etc. But among all the cements at present in use, the "surest,"
and not less efficient than many other more complex ones, is simple wood char-
coal, and it is also the most widely used.

As to the quality of the wood charcoal best adapted to serve as cement, it
seems certain that the cementation takes place more rapidly with charcoals

1 Among the substances which have been proposed for total cementation, we may
mention the cyanides, the ferrocyanides, borax, alum, vinegar, fats, blood, sugar, horn
parings, marine algae, etc., etc.